example, a slide containing sarcosine oxidase, peroxidase, and peroxidase substrate could be used to correct for the presence of NEG, sarcosine, or any other such oxidizable substrate. 
Concentrationsof Serotoninin Plasma-a Test for Appendicitis?
Surjalt PA.S1ngh,' Harvey G. Dean,2 F. TImothy do Donibal,3 David H. Wilson,4 and MIchael W. Flowers4
We assessed the value of measuring serotonin (5-hydroxytryptamine) in plasma (by HPLC) in the diagnosis of acute appendicitis. Values for patients with subsequently confirmed appendicitis (11-145 nmol/L, median 70 nmol/L) significantly (P =0.005) exceeded those for patients with abdominal pain in whom appendicitis was only a possible diagnosis (2-45 nmol/L, median 20 nmol/L). The results for appendicitis patientswere bimodally distributed, with low results found in patients where surgery revealed gangrenous appendicitis with little viable appendicular tissue. We conclude that measuring serotonin may be of value in confirming or excluding the diagnosis of eaily acute appendicitis where the physical signs are equivocal, and thus helps reduce unnecessary appendectomies. However, serotonin is of little help in diagnosing gangrenous appendicitis, where physical signs are more likely to be clearcut. 
'The

Although various laboratory
tests have been proposed to aid this diagnostic dilemma, their value is uncertain and no laboratory investigation is universally regarded at present as being of definite value in confirming the diagnosis when appendicitis is suspected.
Appendix tissue both contains and can secrete serotonin into the circulation (2, 5, 6). We designed this study to test our hypothesis that serotonin concentrations in plasma are increased during acute appendicitis.
Materials and Methods
Blood was sampled for plasma serotonin analysis, after informed consent from 24 consecutive patients presenting to the emergency room with acute abdominal pain, in whom appendicitis was a possible preliminary Group B: Hospital admission with acute abdominal pain ascribable to causes other than appendicitis: two with normal appendix on appendectomy, and one each with small-bowel volvulus, pelvic inflammatory disease, peptic ulcer, pyelonephritis, gastroenteritis, peritonitis (no operation), subacute small-bowel obstruction, cholangitis, pancreatitis. The group comprised two men and nine women, mean age 46.9 (SEM 26.9, range 15-82) y.
We made no attempt to match the groups for age or sex. The Mann-Whitney U test was used to test for significant differences between the groups.
Preparation of blood samples. From each subject we slowly collected a 10-mL sample of venous blood, using a 21-gauge needle to minimize turbulence, which would cause release of platelet serotonin. The sample was then placed in a tube containing lithium heparin and mixed gently by rolling the tube to and fro. The sample was stored at 4#{176}C for no longer than 30 mm, then centrifuged (4#{176}C, 25 mm, 3000 x g ). The supernatant platelet-poor plasma was carefully removed, put into 2-mL Eppendorf centrifuge tubes, and stored at -70 #{176}C until analysis.
Assay. We measured serotonin by HPLC with electrochemical detection, using 3,4dihydroxybenzylamine as internal standard. We extracted the serothnin from plasma by use of a strong cation-exchange resin, following the method of Ball and Inglis (7) The difference in values between the patients with appendicitis and those with "other abdominal pains" was significant (P =0.005). However, Figure 1 shows that the appendicitis patients fell into two groups. In nine patients with nongangrenous, non-perforated acute appendicitis, the plasma serotonin concentration was above normal in each case. In the other four patients, with gangrenous or perforated appendicitis, the plasma serotonin concentrations were similar to those observed in the "other abdominal pain" group. If we exclude the patients with gangrenous or perforated appendicitis, the differences between the appendicitis patients and those with "other abdominal pains" become highly significant (P <0.001). 
DIscussIon
We have postulated for some time that acute appendicitis may be associated with an increase in plasma serotonin, ever since the observation in the late 1960s that up to half of all patients with acute appendicitis, though apyrexial, exhibit facial flushing (8). Serotonin-secreting carcinoid tumore occur most frequently in the appendix. Thus an acutely inflamed appendix with its increased blood flow may secrete measurable amounts of serotonin into the bloodstream.
Serotonin has been extensively investigated in relation to psychiatric disorders, peptic ulcer disease, liver diseases, and biliary tract disorders (9,10,11,12), without significant disturbances being found. Sjolund and Nobin (13) demonstrated increased serotonin in patients with untreated celiac disease, the values declining with treatment. Their highest value (30 nmol/L) was much lower than in our appendicitis series. Alfthan et al. (6) demonstrated that experimental low small-bowel obstruction in rats was followed by an increased gut-wall synthesis of serotonin with subsequent discharge into portal venous blood.
Dhillon and Rhode (2) used special stains to assess the serotonin content of appendices in two groups of patients, one group who underwent negative laparotomy for right iliac fossa pain and another group who had undergone incidental appendectomy during the course of another operation. They concluded that a painful, non-inflamed appendix secretes some serotonin into the circulation and that a continuation of this release would culminate in acute appendicitis.
R#{216}rdam et al. (14) studied 20 patients with acute appendicitis (nine had above-normal serotonin concentrations in plasma) and 11 who had a normal appendix removed (only one had an elevated level). However, the method they used was different (the assay took two days), and they did not differentiate between inflamed and gangrenous appendicitis cases.
The present results tend to support our original hypothesis. In all nine patients with inflamed but non-gangrenous, unperforated appendicitis, the plasma serotonin concentration was unequivocally increased. The remaining four appendicitis patients, with values for plasma serotonin no higher than in the control subjects, all had gangrenous appendicitis at operation. (All had unequivocal clinical signs of appendicitis.) The two patients who underwent negative appendectomy owing to clinical uncertainty both had normal serotonin concentrations in their plasma.
These results might reflect simply a change in serotonin concentrations with age. However, plasma serotonin in normal subjects showed no correlation with age, sex, or weight (15). Thus we feel justified in suggesting that plasma serotonin estimation may help to confirm or refute the diagnosis of appendicitis in patients where the clinical signs are equivocal.
From this pilot study it is obvious that a larger multicenter trial is necessary to clarify the situation. The total time from the removal of the blood sample to the completion of the assay is between 1 and 2 h. This assay would therefore not delay surgery unduly.
